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METHOD AND APPARATUS FOR 
IMPROVING M I TRAL VALVE FUNCTION 

Reference To Pending .Pr i or Patent Applications 
This patent application: 

(1) is a continuation-in-part of pending prior 
U.S. Patent Application Serial No. 10/068,264, filed 
02/05/02 by Daniel C. Taylor et al. for METHOD AND 
APPARATUS FOR IMPROVING MITRAL VALVE FUNCTION 
(Attorney's Docket No. VIA-29) ; 

{2; claims benefit of pending prior U.S. 
Provisional Patent Application Serial Nc . 60/279,974, 
filed 03/29/01 by Daniej C. Taylor et ai . for METHOD 
AND APPARATUS TO IMPROVE MITRAL VALVE FUNCTION 
(Attorney's Docket No. VIA- 19 PROV) ; 

{3} claims benefit of pending prior U.S. 
Provisional Patent Application Serial Nc . 60/280,036, 
filed 03/30/01 by William E. Conn et al . for METHODS 
AND APPARATUS FOR TEMPORARY IMPROVEMENT IN MITRAL 
VALVE FUNCTION (Attorney's Docket No. VIA-20 PROV); 
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<4> claims benefit of pending prior U.S. 
Provisional Patent Application Serial No. 60/279,972, 

filed 03/29/01 bv Daniel C Tavjnr o* i * 

^* Jc3 y-tor et el. for METHODS 

AND DEVICES TO IMPROVE MITRAL VALVE FUNCTION 
(Attorney's Docket Nc VIA- 21 PROV); 

(5) claims benefit' of pending prior U.S. 
Provisional Patent Application Serial N c . 60/283, 820, 
filed 04/13/01 by William E. Cohn et al . ior METHOD 
AND APPARATUS FOR TEMPORARY IMPROVEMENT IN MITRAL 
VALVE FUNCTION (Attorney's Docket No. VIA-22 PROV); 

(6) claams benefit of pending prior U.S. 
Provisional Patent Application Serial Nc . 60/312,217, 
filed 08/14/03 oy Daniel C. Taylor et al. f or METHOD 
AND APPARATUS FOR TEMPORARY IMPROVEMENT IN MITRAL 
VALVE FUNCTION (Attorney's Docket No. VIA-23 PROV, ; 

(7) claims benefit of pending prior U.S. 
Provisional Patent Application Serial Nc . 60/339,481, 
filed 10/26/02 by William E. Cohn et a,, for 
TRANSVASCULAR APPROACH TO MITRAL VALVE PROCEDURES 
(Attorney's Docket N< . VIA-30 PROV) ; and 
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(8) claims benefit of pending prior U.S. 
Provisional Patent Application Seria] No. 60/348,424, 
filed 01/14/02 by Daniel C. Taylor et ai . for METHOE 
AND APPARATUS TC IMPROVE MITRAL VALVE FUNCTION 
$ {Attorney's Docket No. VIA-31 PROV) . 

The aforementioned eight (8) patent applications 
are hereby incorporated herein by reference. 

Field Of The Invention 
IC This invention relates to surgical methods and 

apparatus in genera^, and more particularly to 
surgical methods and apparatus for improving mitral 
valve function. 



1 - Background Of The Invention 

Mitral valve repair is the procedure of choice to 
correct mitral regurgitation of all etiologies. With 
the use of current surgical techniques, between 70% 
and 95% of regurgitant mitral valves can be repaired. 

20 The advantages of mitraj valve repair over mitral 

vajve replacement are well documented. These include 
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better preservation of cardiac function and reduced 
risk of anticoagulant-related heracrrhage, 
thromboembolism and endocarditis. 

In current practice, mitral valve surgery 
requires an extremely invasive approach that includes 
a chest wall incision, cardiopulmonary bypass, cardiac 
and pulmonary arrest, and an incision on the heart 
itself to gain access to the mitral valve. Such a 
procedure is associated with high morbidity and 
mortality. Due to the risks associated with this 
procedure, many of the sickest parents are denied the 
potential benefits of surgical correction of mitral 
regurgitation. m addition, patients with moderate, 
symptomatic mitral regurgitation are denied early 
intervention and undergo surgical correction only 
after the development of cardiac dysfunction. 

Mitral regurgitation is a cc-mon occurrence in 
patients with heart failure and £ sou.ce of important 
morbidity and mortality in these patients. Mitraj 
regurgitation in patients with heart failure is causec 
by changes in the geometric configurations of the ier; 
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ventricle/ papillary muscles and mitral annulus . 
These geometric alterations result in incomplete 
coaptation of the mitral leaflets during systole. In 
this situation, mitral regurgitation 2 s corrected by 
plicating the mitral valve annulus, either by sutures 
alone or by sutures in combination with a support 
ring, so as to reduce the circumference of the 
distended annulus and restore the original geometry o: : 
the mitral valve annulus. 

More particularly, current surgical practice for 
mitral valve repair generally requires that the mitra.' 
valve annulus be reduced in radius by surgically 
opening the left atrium and then fixing sutures, o: 
more commonly sutures in combination with a suppor; 
ring, to the internal surface of the annulus; this 
structure is used to pull the annulus back into a 
smaller radius, thereby reducing mitral regurgitation 
by improving leaflet coaptation. 

This method of mitral valve repair, generally- 
termed ^annuiopiasty", effectively reauces mitral 
regurgitation in heart failure patients. This, in 
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'"P.. -duces wtOM of heart 

qUalUy °' »«" ""eases longevity. 

Unfortunately, however, the i „„„„.- 

016 inva Sj ve nature of mif-i 

Vlv. surgery an d the attendant ris k s render „ost " 
-«« manure patient, poor surgical candidates. 
Thus, a less invasive „e a ns to mcrease leafle-. 
co.pt.tion ana thereby reduce m itrai reguroi tat io r 
heart ,. llore patients wouJd mak e this therapy 
avairabie to a mU cn greater percentage of paUent . 

«"r.l recitation aiso occurs i„ 
*>. of patients suffering acute ^ lnlarct10n " 
I» action, mitral reprobation is the priory „.,„ 
of cardiogenic shoe, in approximate^ 1M c£ pat.e^ 
* deVel ° F he m odyr,a ml c instabiUty in th6 

settin 9 of acute ^yocardiai infarction. P at i e „ts w tn 

mitral reaurai tatinn 

. .-tatlon ano cardiogenic shock have abcot 

a 50% hospitai m orta llt y. Ellmir , ation of mit ^ 
"gurgitation in these patients wcuid be o* 
signified benefit. Unfortunateiy, ho „ever, Mtl „ t . 
"1th acute mitral regurgitation ccpiicatino acut, 
■nyocardiai mtarction are particuiariy high _ risk 
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surgicai candidates, and are therefore not good 
candidates ior a traditional annuloplasty procedure. 
Thus, a minimally invasive means to effect a temporary 
reduction or elimination cl mitral regurgitation in 
5 these critically ill patients would afford them the 

time to recover from the myocardial infarction or 
other acute life-threatening events and make them 
better candidates for medical, interventional or 
surcicci therapy . 

10 

Summary Of The Invention 

As a result, one object of the present invention 
is tc provide an improved method and apparatus for 
reducing mitral regurgitation. 
15 Another object of the present invention is tc 

provide a method and apparatus tor reducing mitral 
regurgitation which is minimally invasive. 

Another object of the oresent invention is tc 
provide a method and apparatus for reducing mitral 
20 regurgitation which can be depjoyed either permanently 

(e.g., ior patients suffering irom heart failure) or 
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temporarily (e.g., for patient, suffering from mitral 
regurgitation with acute myocardial infarction). 

These and other objects are addressed by the 
present invention, which comprises an improved method 
and apparatus for reaucing mitral regurgitation. 

in one form of the invention, there is provided a 
method for reducing mitral regurgitation comprising: 
inserting apparatus into the coronary sinus of a 
patient in the vicinity of the posterior leaflet of 
the mitral valve, the apparatus being adapted to 
straighten the natural curvature of at least a portion 
of the coronary sinus in the vicinity of the posterior 
leaflet of the mitral valve, whereby to move the 
posterior annulus anteriorly and thereby improve 
leaflet coaptation. 

In another form of the invention, there i £ 
provided a method for reducing mitral regurgitation 
comprising: inserting apparatus into the coronary 
sinus of a patient in the vicinity of the posterior 
J6afiet ° f the mit "j valve, the apparatus being 
adapted to move at least a portion of the coronary 
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sinus in the vicinity of the posterior leaflet cf the 
mitral valve anteriorly, whereby to move the posterior 
annuius anteriorly and thereby improve leaflet 
coaptation . 

In another form of the invention, there it 
provided a method for reducing mitral regurgitation 
comprising: inserting apparatus into the coronary 
sinus of a patient in the vicinity of the posterior 
leaflet of the mitral valve, the apparatus being 
adapted tc reduce the degree of natural curvature of 
at least a portion of the coronary sinus in the 
vicinity of the posterior leaflet of the mitral valve, 
whereby to move the posterior annuius anteriorly and 
thereby improve leaflet coaptation. 

In another form of the invention, there is 
provided a method for reducing mitral regurgitation 
comprising: inserting apparatus intc the coronary 
sinus of a patient in the vicinity of the posterior 
leaflet of the mitral valve, the apparatus being 
adapted to increase the natural radius of curvature of 
at least a portion of the coronary sinus in the 
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vicinity of the posterior leaflet of the mitral valve, 
whereby to move the posterior annulus onteriorly and 
thereby improve leaflet coaptation. 

In another form of the invention, there is 
provided a method for reducing mitral regurgitation 
comprising: inserting apparatus into the coronary 
sinus of a patient in the vicinity of tne posterior 
leaflet of the mitral valve, the apparatus having a 
distal end, a proximal end and an intermediate 
portion, the apparatus being configurec so that when 
the apparatus is positioned in the coronary sinus in 
the vicinity of the posterior leaflet cf the mitral 
valve, the distal and proximal ends wi i i apply a 
posteriorly-directed force to the wall? of the 
coronary sinus and the intermediate portion will apply 
an anteriorly-directed force to the wa3is of the 
coronary sinus, whereby to move the posterior annulus 
anteriorly and thereby improve leaflet coaptation. 

In another form of the invention, there is 
provided a method for reducing mitral regurgitation 
comprising: inserting a substantially straight 
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elongated body inio the coronary sinus of a patien; in 
the vicinity of the posterior leaflet cf the mitra." 
valve, the length of the substantially straight 
elongated body beang sized relative to the natural 
t curvature of the coronary sinus in the vicinity of ~ he 

posterior leaflet of the mitra: valve so that when * he 
substantially straight elongated body is positionec in 
the coronary sinus, it will cause at least a portic:. 
of the coronary sinus to assume a substantially 

10 straight configuration adjacent to the posterior 

leaflet of the mi cral valve, whereby to increase th* 
radius of curvature of the mitral annulus and therery 
improve leaflet coaptation. 

In another form of the invention, there is 

15 provided a method for reducing mitral regurgitation 

comprising: inserting a substantially rigid elongat -c 
body intc the coronary sinus of a patient in the 
vicinity of the pcsterior leaflet of che mitral valve, 
the substantially rigid elongated body being 

20 configured relative to the natural curvature of the 

coronary sinus in the vicinity of the posterior 
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substantia i iv rin^ 

-IV rigid elongated oody i £ positaoned ir 

the coronary sinus, it w±u 

at least c portion 

of the coronary sinu* m = 

y -mu. to assume a different 

COnfi?Urat " n •*' C " t - Po-t„ lor ieaiiet of the 

—a, va]v .. whereby to _ e ^ posteriQr ^ 

«t„i„ rly and thereby improve ieafiec coaptstiQr 

In another form nf i-v, 

iorm of the invention, there is 

provided a method for rerinr™ • «. 

or reauc.no mitral regurgitation 
comprisinc: insert- -inr, 

- nsertina a str Si?ll , substantia^ rioid 

elongated oody lnto the „ 

Ub or c Patient in 

th. vicmi.y of the posterior iMfiet of 

valve, the length of the ^>- a -„ hr 

-ra.ght, substantial! v r^itf 

elongated oody being sized r P -.-^ 

y ^zec re.cave to the nature" 

curvature of the coronary in ■ • 

^ —nus m tne vicinity C { the 

posterior ieafieh ^-f 

aiiet ° f the mitraj valve so u 

vaxve so that when the 

straight, substantially riain 

y ri ° lc elongated body i« 

Positioner in tne co ron . ry slnU5 , u ^ cau£e 
-ast a Portia of the coronary ^ ^ ^ 

suostantiaUy st^nt conjuration adjacent to tne 
Posterior .eanet ot th . mitra] n ^ ^ 
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increase the radius of curvature of the mitral annulus 
and thereby improve leaflet coaptation. 

In another form of the invention, there is 
provided an apparatus for reducing mitral 
t regurgitation comprising: a body having a distal end, 

a proximal end and an intermediate portion, the body 
being configured so that when the body is positioned 
in the coronary sinus in the- vicinity of the posterior 
leaflet of the mitral valve, the distal and proxima] 

10 ends will apply a posteriorly-directed force tc the 
walls of the coronary sinus, and the intermediate 
portion wij 1 apply an anteriorly-directed force to the 
walls of the coronary sinus, whereby to move the 
posterior annulus of the mitral valve anteriorly and 

11 thereby imprcve leaflet coaptation. 

In another form of the invention, there is 
provided an apparatus for reducing mitral 
regurgitation comprising: a substantially straight 
elongated body adapted to be inserted into the 
20 coronary sinus of a patient in the vicinity of the 

posterior jeaflet of the mitral valve, the length of 
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the substantially straight elongated body being sized 
relative to the natural curvature of the coronary 
sinus in the vicinity of the posterior leaflet of the 
mitral valve so that when the substantially straight 
elongated body is positioned in the coronary sinus, it 
will cause at least a portion of the coronary sinus te- 
as sume a substantially straight configuration adjacent 
to the posterior leaflet of the mitral valve, whereby 
to increase the radius of curvature of the mitral 
annulus, moving it anteriorly, and thereby improve 
leaflet coaptation. 

In another form cf the invention, there is 
provided an apparatus for reducing mitraj 
regurgitation comprising: a substantially rigid 
elongated body adapted to be inserted into the 
coronary sinus of a patient in the vicinity of the 
posterior leaflet of the mitral valve, the length of 
the straight, substantially rigid elongated body being 
sized relative to the natural curvature of the 
coronary sinus in the vicinity of the posterior 
leaflet of the mitral valve so that when the 
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substantially rigid elongated body is positioned in 
the coronary sinus, it will cause at least a portion 
of the coronary sinus to assume a different 
configuration adjacent to the posterior leaflet of the 
5 mitral valve, whereby to move the posterior annulus 

anteriorly and thereby improve leaflet coaptation. 

In another form of the invention, there is 
provided an apparatus for reducing mitraj 
regurgitation comprising: a straight, substantially 

10 rigid elongated body adapted to be inserted into the 

coronary sinus of a patient in the vicinity of the 
posterior leaflet cf the mitral valve, the length of 
the straight, substantially rigid elongated body being 
sized relative to the natural curvature of the 

It coronary sinus in the vicinity of the posterior 

leaflet of the mitral valve so that when the straight, 
substantially rigid elongated body is positioned in 
the coronary sinus, it will- cause at least a portion 
of the coronary sinus to assume a substantially 

20 straight configuration adjacent to the posterior 

leaflet of the mitral valve, whereby to increase the 
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radius of curvature oi the mitral annulus, moving it 
anteriorly, and thereby improve leaflet coaptation. 

Significantly, the present invention may be 
practiced in a minimally invasive manner, either 
permanently or temporarily, so as to reduce mitral 
regurgitation. 

Brief Descript ion Of The Drawings 

These and other objects and features of the 
present invention will! be more fully disclosed or 
renoered obvious by the following detailed description 
of the preferred embodiments of the invention, which 
is to be considered together with the accompanying 
drawings wherein like numbers refer to like parts and 
further wherein: 

Fig. 1 is a schematic view of portions of the 
human vascular system; 

Fig. 2 is a schematic view of portions of the 
human heart; 

Fig. 3 is a schematic view of a preferred system 
formed in accordance with the present invention; 
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Figs. 4-*7 are a series ct views illustrating use 
of the system of Fig. 3 to reduce it.: :ra J 
regurgitate on; 

Fig. t shows an alternative form of delivery 
t catheter; 

Fig. 9 shows an alternative form of f lexib] e push 

rod; 

Fig. 9A shows another alternative form of the 
present invention; 
] C Figs. 10 and 12 show alternative constructions 

for the straight, substantially rigid elongated oody; 

Fig. 5 1A illustrates another aspect of the 
present invention ; 

Fig. 12 shows an alternative system formed in 
11 accordance with the present inventicn; 

Fig. j 3 shows use of the systeir. shown in F: c . 12; 
Figs. 14-16 illustrate anothe: aspect of the 
present invention ; 

Fig. j 6A illustrates another aspect of the 
2C present invention; 
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Fig. 16E iliustrates still another aspect of the 
present invention; 

Fics. 17-20 illustrate still other aspects of the 
present, invention; 
~ Figs. 21-24 illustrate other aspects of the 

present invention; 

Figs. 25-27 illustrate another form of the 
present invention; 

Figs. 28-32 illustrate the embodiment of Figs. 
10 25-27 in use; 

Fios. 32A-32C illustrate another aspect of the 
present invention; 

Figs. 32D and 32E illustrate another aspect c: 
the present invention; 
35 Fics. 33 and 34 illustrate another form of fm 

present invention; 

Fios.- 35-37 illustrate the embodiment of Figs. 3;- 
and 34 in use; 

Figs. 37A-37C illustrate another aspect of tm 
20 present invention; 
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Figs . 37D and 37E illustrate another aspect of 
the present invention; 

Figs. 37F-37I illustrate another aspect of the 
present invention ; 
i Figs. 313 and 37K illustrate yet another aspect 

of the present invention; Fic. 38 illustrates another 
form of the present invention; 

Figs. 39 and 40 illustrate the embodiment of Fig. 
38 in use; 

IC Fic. 41 and 42 illustrate yet another form of the 

present invention; and 

Fic. 45 and 44 illustrate still another aspect of 
the present invention. 



i [ Detailed Description Of The P re ferred Embodiments 

The coronary sinus is the largest vein in the 
hirman heart. During a large portion of its course in 
the atrioventricular groove, the coronary sinus 
typically extends adjacent to the left atrium of the 

2C heart for a distance of approximately 5 to IC 

centimeters. Significantly, tor a portion of its 
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length, e.g., typically approximately 7-9 cm, the 
coronary sinus extends substantially adjacent to the 
posterior perimeter of the mitral annuius . The 
present invention takes advantage of this consistent 
anatomic relationship. More particularly, by- 
deploying novel apparatus m the coronary sinus, 
adjacent to the posterior leaflet of the mitral valve, 
the natural curvature of the coronary sinus jr.ay be 
modified in the vicinity of the posterior leaflet of 
the mitral valve, whereby to move the posterior 
annulus anteriorly so as to improve leaflet coaptation 
anc, as a result, reduce mitral regurgitation. 

In one preferred embodiment of the invention, the 
nove, apparatus comprises a straight, substantially 
rjgic elongated body, the length of the straight, 
substantially rigid elongated body being sized so that 
when the straight, substantially rigid body is 
positioned in the coronary sinus in tne vicinity of 
the posterior leaflet of tne mitral valve, the 
straight, substantially rigid elongated body will 
cause at least a portion of the coronary sinus to 
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aESM e -, substantially straight conjuration adjacen, 
« the posterior leaflet of the mitral valve, whereby 
„ »ove the posterior annulus anteriorly and thereby 
improve leaflet coaptation. 

And ;n one preterreo embodiment of the invention, 
access to the coronary sinus is gained percutaneously, 
e.c., the straight, substantially rigid elongated body 

- • t-h<= catient's vascular system via 
is introduced into tne patient 

r.y via the left subclavian vein, 
the Duaular vein or via the 

c6 ssed down the superior vena cava, passed through tl» 
r ioht atrium and then passed into the coronary sinus, 
where it deployed. Alternatively, the straight, 
substantially rigid elongated body may be introduced 
iBt o the coronary sinus through a small incision in 
the heart, or through see other incisio, into the 
patient' 5 vascular system. 

ta d in one preferred embodiment of the invention, 

w riaid elongated body is 

the straight, substantially ngiu 

,., r?cs i na it through a 
auided into position by U, P-smg 

repositioned catheter, or (ii) passing it over a 
positioned guidewire, or (iii) P««»* " 
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tool) to the surgical site. 

Once deployed, the novel apparatus ,av be left . 
Position permanently in the ew Qf 

-merino from mitral regurgitation associated with 
neart failure, or the nQvei ^ ^ ^ 

position only temporarily in the cjje gt 

Patents suffering from mitra l 

associated with acute myocardial infarction) . 

Visualization of the procedure may be obtained b , 
fluoroscopy, echocardiography, intravascular 
Ultrasound, angioscopy. real-time magnetic resonance 
-aoing, etc. The efficacy of the procedure may be 
determined through echocardiography, although other 
imagmg modalities may also be suitable. 

Looking now at Fig E . , and 2 , there ^ ^ 
aspects of the cardiovascular system , „ a Da tie„t 
"ore particularly, cardiovascular system 3 oeneraUy 
comprises the heart e, tne superior vena cava 9 (Fi g. 

1>, the right subclavian vein 1? - * 

vein tne left subclavian 

vein 15, the juauiar vein 16 =>r^ «-k 

-Lb, and the inferior vena 
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cava 21. Superior vena cava 9 and interior vena cav^ 
21 communicate with the heart's right atrium 24 (Fics. 
1 and 2) . The coronary ostium 27 leads to coronary 
sinus 30. At the tar end 3] (Fig. 2) of coronary 
£ sinus 30, the vascuxar structure turns into the 

vertically-descending anterior interventricular vein 
("AIV") 32 (Fig. i; . For purposes of the present 
invention, it can generally be convenient to consider 
the term "coronary sinus" to mean the vascular 
10 structure extending between coronary cstium 27 and AIV 

32 . 

As seen in Fic. 2, between coronary ostium 27 and 
AIV 32, coronary sinus 30 generally extends 
substantially adjacent to the posterior perimeter of 

15 the annulus 33 of the mitral valve 3t. Mitral valve 

36 comprises a posterior leaflet 39 and an anterior 
leaflet 42. In the case of a regurgitant mitral 
valve, posterior leaflet 39 and anterior leaflet 42 
will generally fail to properly coapt at systole, 

20 thereby leaving an intervening gap 4b which will 

permit regurgitation . 
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Looking next at Fig. 3, there is shown a systein 
100 which comprises one preferred embodiment of the 
present invention. More particularly, systein 100 
generally comprises a guidewire 103, a delivery 
catheter 106 and a push rod 105. 

Guidewire 103 comprises a flexible body 112 
• having a distal end . 115 and a proximal end 118. T h* 
distal end 115 of guidewire 103 preferably includes a 
spring tip 121 for allowing the distal end of 
guidewire 106 to atraumatically traverse vascular 
structures, i.e., while the guioewire is being passed 
through the vascular system of a patient. 

Delivery catheter 106 comprises a flexible body 
124 having a distal end 127 anc a proximal end 130, 
Preferably with an adjustable valve 133 attached. 
central lumen 136 extends from distal end 127 to 
proximal end 130. In some circumstances it may be 
desirable to provide a securing mechanism for securing 
the distal end of the delivery catheter within a 
vascular structure. By way of example but not 
limitation, a balloon 139 may be positioned about the 
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exterior of flexible body 124, just proximal to distal 
end 127, with an inflation lumer. 142 extending between 
balloon 139 and an inflation fitting 145. 

Push rod 109 comprises a flexible body 148 having 
a distal end 151 and a proximal end 154. A straight, 
substantially rigid eicngated ocdy 157, which may have 
a variety of different lengths, is formed on flexible 
body 14E, proximal to distal end 151. A removable 
proximal stiffener or handle 160 may be placed between 
straight, substantially rigid elongated body 157 and 
proximal end 154. 

System 100 may be used as follows to reduce 
mitral regurgitation. 

First, distal end 115 of guidewire 102 is passed 
down the jugular vein ] 6 (or the left subclavian vein 
15) of a patient, down superior vena cava 9, through 
right atrium 24 of the heart, and then into coronary 
sinus 30. See Fig. 4. It will be appreciated that as 
flexible guidewire 103 is passed down coronary sinus 
30, the guidewire will tend tc assume the natural 
curved shape of the coronary sinus, due to the 
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flexible nature of the guidewire. The guidewire- 
atraumatic spring tip 12, wlla help ensure minima: 
damaoe to vascular structures as guidewire 102 i£ 
maneuvered into position. 

Next, distal end 127 of delivery catheter 106 is 
Placed over proximal end 11& ot guidewire 105 and 
Passed cown the guidewire until the distal end of the 
delivery catheter is positioned in coronary sinus 30 . 

Fig. 5. Again, it will be appreciated that as the 
flexible delivery catheter 106 passes down the 
coronary sinus, the delivery catheter will tend to 
assume the natural curved shape of the coronary sinus, 
due to the flexible nature of the delivery catnetei. 

Once delivery catheter 106 has been positioned 
within the coronary sinus, guidewire 103 is removed. 
See Fig. 6. Either oefore or after guioewire 103 is 
removed, balloon 139 may be inflated so as to secure 
distal end 127 of delivery catheter 106 ln pcsition 
within coronary sinus 30. 

Next, push rod 109 is passed do„n the centra; 
lu»„ »«, of delivery catheter 106. As the push rod's 
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straight:, substantially rigid elongated body 157 is 
passed down central lumen 136 of delivery catheter 
]06, it will force the delivery catheter to assume a 
straight configuration at the point where the 
b straight, substantially rigid elongated body 157 

currently resides. As push rod 109. is pushed down 
delivery catheter 106, balloon 139 will hold the 
distal end of the delivery catheter in position within 
coronary sinus 30. 

10 Push rod 109 is pushed down delivery catheter 

3 06, utilizing removable proximal stiff ener 160 as 
needed, until the straight, substantially rigid 
elongated body 157 is located adjacent tc the 
posterior annulus of mitraj valve 36. See Fig. 7. As 

IS this occurs, the presence of the straight, 

substantially rigid elongated body 157 in delivery 
catheter 106 will cause at least a portion of coronary 
sinus 30 to assume a substantially straight 
configuration at this point, so that the posterior 

20 annul us of mitral valve 36 is forced anteriorly. This 

will cause the mitra] valve's posterior leaflet 39 to 
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a2so move anteriorly so a, to improve .mitral valv e 
leaflet coaptation and thereby reduce (or completely 
eliminate) mitral valve regurgitation. ] n this 
respect it should be appreciated that the posterior 
annuius may be shifted anteriorly so as rc achieve, or 
to attempt to achieve to the extent anatomically 
possible, ieaflet-to-leaflet engagement o: 
:<eeflet-to-annulus engagement (e.g., where a leaflet 
may be tethered cue to left ventricular distortion)'. 
Both of these types of engagement, or targeted 
engagement, are intended to be encompassed by the 
terms "improved leaflet coaptation" and/cr "increased 
leaflet coaptation" and the like. Using standard 
visualization mean, , e .g. echocardiography or 
fluoroscopy), the exact position of the straight, 
substantially rigid elongated body 157 is adjusted sc 
as to reduce (or completely eliminate) regurgitation 
in mitral valve 36. 

In this respect it should be appreciated that the 
straight, substantially rigid elongated body 157 is 
Preferably sized to be somewhat less than the length 
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cf the coronary sinus between coronary ostium 27 and 
AIV 32. However, in some circumstances it may be 
cesirable to size the straight, substantially rigid 
elongated body 15"/ so that it wili extend out of the 
5 coronary sinus and into the right atrium. 

Furthermore, it should also be appreciated that 
the system provides a degree of tactiie feedback to 
the user during deployment. More particularly, 
substantial resistance wil3 typically be encountered 

10 as the straight, substantially rigid elongated body 

151 is pushed out of right atrium 24 and into coronary 
sinus 30; then resistance will typically drop as body 
lb": is moved through the coronary sinus; and then 
resistance will typically increase significantly again 

lb as the dista] tip cf body Ibl comes tc the far end 31 

of the coronary sinus. Thus, there is a sort of 
tactile "sweet spot" when the straight, substantially 
riaid elongated body 157 is located in the coronary 
sinus between coronary ostium 21 and AIV 32, and this 

20 tactile "sweet spot" can be helpful tc the user in 
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positioning the straight, substantially rigid 
elongated body 157 in coronary sinus 30. 

At this point the straight, substantially rigid 
elongated body 157 is l ocked ln position/ £ ^ fay 

closing adjustable valve 133, and balloon 139 may be 
deflated. 

System : 00 is left in this position until it i= 
no longer neeced. In some cases this may mean that 
system 100 u left m position for a period of a few 
hours, days cr weeks; in other cases system 100 may be 
substantially permanent. If and when system 100 is to 
be removed, push rod 109 is removed from delivery 
catheter 106, and then delivery catheter 10C- is 
removed from the patient. 

Thus it will be seen that with the present 
invention, the straight, substantially rigic elongated 
body 157 is essentially force-fit into the normally- 
curved portion of the coronary sinus adjacent to the 
mitral valve's posterior leaflet. By properly sizing 
the length or the straight, substantially rioid 
elongated body. 157 relative to the natural curvature 
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of the patient's anatomy, and by properly positioninc 
the straight, substantially rigid elongated body 357 
in the patient's coronary sinus, the straight, 
substantially rigid elongated body will cause at leasv 
i a portion of the coronary sinus to assume a 

substantially straight configuration adjacent to the 
posterior leaflet of the mitral valve. This action 
will in turn drive the posterior annulus of the mitrai 
valve anteriorly, so as to improve leaflet ccaptatior. 

1 C and thereby reduce mitral regurgitation. Thus, by 

inserting the straight, substantially rigid elongated 
body 157 into the coronary sinus adjacent tc the 
posterior leaflet of the mitral vaive, the annulus of 
the mitral valve is effectively manipulated so that : \ 

It will assume an increased radius of curvature. 

It has also been found that by inserting the 
straight, substantially rigid elongated body into the 
coronary sinus adjacent to the posterior leaflet of 
the mitral valve, the left ventricle may also be 

20 remodeled so as to help alleviate congestive heart 

failure. 
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" is Significant to note tnat with the present 
invention, the distal and proxi.ai ends of straight, 
substantially rigid elongated body 157 app ly a 

P°steriorly-directeo f0 rce on the walls of corona,, 

sinus 30 (e c 

•e.g., as snown with arrows P in Fig. 7. 

while the intermediate portion of straight, " 

substantially ri gid elongated body ^ ^ 

anterior iy - directed force Qn ^ ^ ^ 

sinus 30 (e.g., as shown with arrows A in Fig. 1, . 

in so.„e cases the prox a „,al end 130 of delivery 
catheter 106 ma y be fixed to th . patient , s ^ ^ 
using standard patient care methods such as adhesive 
tape, pursestring sutures, skln stapaes , etc ^ 
other cases proximal end 13c, of delivery cathete, loe 
may include a sewing cuff whereby the delivery 
catheter ma y be secured to the patient's tissue bv 
suturing. See, for example, Fi5 . 6 , „ here , ^ 
cuff 1« is shown attached to the prox^al end 130 of 
livery catheter loe. „ oeslred , an element ^ ^ 
be provided proximal to adiustabie valve 133, whereby 
flexible push rod 109 raay be n,ade fast to delrverv 
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catheter 106. By way of example, element 169 may 
comprise a crimpabie element to secure flexible push 
roc 109 to delivery catheter 106, which is ir. tur:. 
secured to the patient. If desired, the proximal end 
i of the assembly may be embedded under the skin of the 

patient, e.g., in the case of a permanent implant. 

As noted above, it cen be helpful to anchor the 
distal end of delivery catheter 106 in position within 
the coronary sinus prior to pushing push rod 109 into 

10 the delivery cathetei . Such an arrangement will Keep 
the delivery catheter in place as the push rod manes 
the turn within the right atrium and enters the 
coronary sinus. In the absence of such anchoring, the 
push rod may drive the delivery catheter down the 

11 inferior vena cava 21. By securing the dista!: ena of 
delivery catheter 106 tc the walls of coronary sinus 
30, the delivery catheter can be stabilized against 
diversion down the inferior vena cava 21 when the 
straight, substantially rigid elongate body 157 

20 encounters initial resistance to making the turn into 

the coronary sinus. 
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The balloon 139 is one way of accomplishing such 
anchoring. However, it is also possible to utilize 
other types of securing mechanisms to anchor the 
distal end 127 of delivery catheter 106 m position 
within coronary sinus 30, e.g., spring clips, ribs, 



etc . 



Alternatively, and looking next at Fig. 9, the 
distal end 152 of push rod IDS may itself be provided 
with a distal anchor e.g., such as the distal anchor 
172 shown in Fig. 9. 

It is also possible to prevent diversion of 
delivery catheter ] 06 oown inferior vena cava 21 
without anchoring the distal end of delivery catheter 
106 or flexible push rod 109- to the walls of the 
coronary sinus. More particularly, and looking now at 
Fic. 9A, there is shown a support catheter 173 which 
is formed out o? a more rigid material than delivery 
catheter 106. Support catheter 175 is constructed so 
that its distal end 174 can be positionec in coronary 
ostium 27 and then its sidewall 174A can support 
delivery catheter ]Q6 adjacent to inferior vena cava 
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21- when push roc J 09 is passed down delivery catheter 
lOt, whereby to prevent delivery catheter 106 from 
diverting down inferior vena cava 10C. Fie. 9A also 
shows an introducer catheter 174E at the entrance to 
5 jugular vein 18. 

As noted above, as push rod 10S is advanced to 
the region adjacent: to the posterior annulus of the 
mitral valve, the straight, substantially rigid 
elongated body 15""/ will distort the natural 

10 configuration of the coronary sinus so that it will 

assume a substantially straight configuration. While 
this action induces the desired valve remodeling, it 
can also induce c- significant stress on the walls of 
the coronary sinut, particularly at the distal and 

15 proximal ends- of the straight, substantially rigid 

elongated body 15'., where stress will be concentrated. 
Tc this end, the construction of the straight, 
substantially rigjd elongated body 157 may be modified 
somewhat so as tc better distribute this stress. More 

20 particularly, and looking next at Fig. 10, the distal 

and proximal ends of straight, substantially rigid 
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elongated booy 157 may include relative!, y flexible 
portions 175 to help better distribute the stress 
exerted on the walls of the coronary sinus. 
Additionally, and/or alternatively, any -caper applied 
to the distal and proximal ends of straight, 
-substantially rigid elongated body 157 may be 
elongated, e.g., such as shown az 176 in Fig. u, sc 
as to better distribute the stress imposed on the 
walls of the coronary sinus. 

In the preceding discussion of system 100, push 
roc 109 is oescribed as being inserted to the surgical 
site through the insertion cannula 106 and remaining 
within insertion cannula 106 while at the surgical 
site and, when push rod 109 is to be reirioved/ removing 
push roc 109 and then surgical cannula 106, However, 
if desired, once push rod 109 has been deployed at the 
surgical si, e , insertion "cannula 106 may then be 
removed, leaving just push rod 109 the surgical 
site. See, for example, Fig. ha. 

It is also possible to advance push rod 109 
directly tc the surgical site without passing it 
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through an insertion cannula; in this case push roc 
] CS would be advanced on its own through the 
intervening vascular structure until it is deployed in 
coronary sinus 30. 
5 Looking next at Fig. 12, there is shown a system 

161 which comprises another preferred embodiment o: 
the present invention. More particularly, system 181 
generally comprises the guidewire 102, a straight, 
substantially rigid elongated body 184 and a push 

1 0 cannula 187. 

Guidewire 103 is as previously described. 
Straight, substantially rigid elongated body 184, 
which may have a variety of different lengths, 
comprises a distai end 188 and a proximal end 19G. A 

] 5 central lumen 193 extends between distai end 188 and 

proximal end 190. Central lumen 195 accommodates 
guidewire 103. 

Push cannula 187 comprises a distal end 194 and a 
proximal end 196. A centra] lumen 199 extends between 

20 distal end 194 and proximal end 196. Central lumen 

3 99 accommodates guidewire 103. 
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As a result of this construction, elongated body 
184 and push cannula 187 may be mounted on guidewire 
102, and push cannula 187 may oe used to push 
elongated body 184 down guidewire 103. See Fig. 13. 

System 181 may be used as follows tc reduce 
mitral regurgitation. 

First, distal end 115 of guioewire ]03 is passed 
down jugular vein 18 (or the j e ft subclavian vein 15) 
of a patient, down superior vena cava 9, through right 
atrium 24 of the heart, and into coronary sinus 30 
(Fic. 14). it will be appreciated that as flexible 
- guidewire 103 is passed down coronary sinus 30, the 
guioewire will tend to assume the natural curved shape 
. of the coronary sinus, due tc the flexible nature of 
the guidewire. The guidewire' = atraumatic spring tip 
121 will help minimize damage to vascular structure- 
as the guioewire is advanced intc position. 

Next, distal end 188 of straight, substantially 
rigid elongated body 184 is p.aceo over proximal end 
116 of guidewire 103 and passed a short distance down 
the guidewire. Then the distal end 194 of push 
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cannula XS7 i. P l-e, over proxi-1 «e US of 

ouiow re XO, and t - P- - " — - 

• ■ as D u=n cannula 18" is advancec 

down the guioewire. As pu^n 

ire di-tal end 194 pushes the 
down the guioewire, its di^« 

« ■.iiv ricid elongated body 184 
straight substantially rioio 

ahead of it- See Fig. 15. 

the straight, substantially rigic elongate 
body 184 1£ passed down the coron.ry.inu-. itwU, 

f „... t r assume a straight 
force the coronary sinus tc *~ 

confi.or.tion at the point 

sub stantially ri 9 id elated ^ 18 < 

18 -, pushed down guioewire *s 
resides. Push cannula 18' — P 

-^hi substantially rigid 
,-r-<-i"i the straight, £>u_~i- 
neeoec, unai 

el onoated body 1*4 is loct- adjacent tc th. 

po.t«ior ^ F15 - ie ' 

^r-nrc the presence o- tne suo „ 
As this occurs, tne h 

tq/1 ir, the coronary 
sob stantially ri«d elongated oooy !84 

si „us will cause coronary .in« to assume a 
su.stantialiy strait - «- ^ " 

th .t the Posterior annuls of tne -itr.! «!v. " 
£orc ed anter.orly. This win ca.se th. po.t.rio, 
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mitral valve leaflet tc 

*et tc also move anteriorly so 5 c to 
i-Prov, lM(let coaptatjQn Md (m 

«.pl. t . ly . llBlnit ., m!tral „ alve re?ur5i;atior _ 

Using standard visual - 

isua1 ^ = tion means < e g 

ecnocaroi ~ 1 ' or «~ Pyl . the _ position 

° ! St " ight ' ^ elon?sted body 

->< ^ adjusted so „ ic (<jr 

ej:,minSte) <W«o, In t hemitraa vajve . 
"»» a reieasaMy attachable interface c . 

~ - th . t lt „ y relMMWy ,. core ; h ; proxiMi 
- of th . . tr . i9hi> EUbstantiaiiy ri9jd eionoated 

body 16-:. such a feature win 

tJ " e Wl11 P erm it the straight 
substantially rigid elongated body to be Dul]ed 

bcCKWar ° Wlthin th * senary sinus, either tos 
positioning or removal purposes. 

Where elongated boov 184 is to i - • ■ 

to De lert within the 

body for a substantia, oenod of time it - , 

nine, it _, s possible 

tc leave the apparatus in the oo^t, 

tne position shown m Fig. 

lt > with elongated body 184 fit «„ e . 

xo ' J tit over guiae wire 

102 and at the. end of push cannula 187. 
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Al ternat iveiy, cuidewire 102 and/or push cannula 187 
may be removed, leaving just elongated body 184 
deployed at the surgical site (Fig. J 6A) . To the 
extent that elongated body ]S4 may be left by itself 
5 at the surgical site, it may be desirable to provide 

elongated body ]84 with an eyelet or hook cr other 
graspabie feature G (Fic. 16B) such that a retriever F 
may thereafter be used to easily grapple and extract 
the elongated body 184 from the surgical site. 

] 0 Elongated body 15" and/or elongated body 184 may 

have any of a variety of non-straight shapes along its 
length. For example, the elongated body may be wavy, 
spjralec, or curved along all or a portion of its 
length. By way ci example, elongated body 15"7 and/c: 

2 5 184 may have a curved configuration so as to invert 

the natural curvature cf the coronary sinus, i.e., sc 
that it is bowed towards the anterior annujus. Or the 
elongated body may have a compound shape axonc its 
length, e.g., it may have a sort of "w" shape, with 

20 the center of the V V" being directed towards the 

anterior annulus . See, for example, Fig. 1 1 , which 
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shows a push rod 10° h^-i^ 

oc jo. having an elongated body 157 with 

a w w" type cf shape; and see Fic IP whi - u 

e lfc / whicn shows an 

elongated booy 18 « with a ^ type of shap£ . ^ ^ 

Fi9S * 36 ^ 2 °' WhlCh Show a shaped elongated 

body ,e<- being advanced down cuidewire 103 ( Fiq . i9 , 
to a position adjacent to mitral valve 36 <Fi g . 
whereby to r educe mitral reg ur g i t ation . ^ Qf ^ 
aforementioned elongated body snapes, or other 
alternative shapes, may effect the anterior 
displaces of the posters annuls that results m 
reduction or the mitral valve regurgitatlon _ 

^ is preferable that use of the present 
invention not result in occlusion of coronary , inus 
30. Thus, with system 100 shown in Fig. 5 , deliverv 
cathete, 10, ie preferably sizec so as to have a 
^ameter less than the diameter of coronary sinus 3C, 
so that blood may fl ow about the perimeter of deiiverv 
cath eter 10e when delivery catheter 106 is disposed m 
coronary sinus 30. Alternatively, and/or 
additionally, and looking now at Figs. 21 and 22, 

delivery catheter 106 may be provided wi 1-h 

^ uvloea with one or more 
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j ongi tudinally-extending surface grooves SG so as tc 
facilitate blood flow past the perimeter of delivery 
catheter 106. Similarly, with system 181 shown in 
Fig. 12, elongated body 184 is preferably sized so as 
I to have a diameter less that the diameter of coronary 

sinus 30, so that blood may flow about the perimete: 
of elongated body 184 when elongated body 184 is 
disposed in coronary sinus 30. Alternatively, and/or 
additionally, and looking how at Figs. 23 and 24, 
1C elongated body 184 may be provided with one or more 

j ongitudinally-extending surface grooves SG so as tc 
facilitate blood flow past the perimeter of elongated 
body 184. 

In system 100 (Fag. 3) and in system 18] (Fig. 

1! 32), the elongated bodies 157 and 3 84 are shown 

completely formed prior to their deployment in the 
patient. However, it is also possible to form 
elongated body 157 and/or elongated body 184 in situ 
from a plurality of smaller elements. 

20 Thus, for example, in Figs. 2^-27 there is shown 

an alternative form of push rod 109 for use with 
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guicewire 3 03 and delivery catheter 206. More 
particularly, push rod 1 OS comprises flexible body i« 8 
and a plurality of substantially r.oid elongated 
elements 3 57A, 157B, 157c, etc. which collectively 
form the complete elongated body : 57 . Preferably the 
distaimost elongated element 157A , s fixed to flexible 
body 14B while the remaining elongated elements 3 57B, 
157C, 157E:, etc. are free to slid, on flexible body 
148. ir. addition, elongated elements 157A, 157E, 
157C, etc. preferably include correctors C for 
permitting one elongateo element to be secured to a 
neighboring elongated body. The connectors C shown in 
Fig- 25 comprise male and female screw type 
connectors; however, other types c: connectors may 
also be used, 

- B.v assembling the elongated i:ody 157 in sitv 
using a plurality of elongateo elements 157A, 157B, 
157C, etc., it is possible tc create an elongated body 
157 which :s perfectly sized uo t,e needs of the 
pati ent . 
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The push rod 109 she wn i, Figs. 25-27 «y be used 
« follows. fi,n, ,»ic.*ir. IDS is p.—* « — " 
,h. coronary <«,- »». «••» 

-.06 is passed down guidew.re 103 and into the coronary 
sinus (Figs. 5£ and 29). Ther. the cuidewire 303 is 
withdrawn fro. the surgical site and replaced by «* 
push rod's flexible body MS with elongated 
; MA attached (Fig. 30) ■ , a plurality o! 

inn -■51C, 1STD, etc. are slid 
elonaated elements 157B, -3"-. 

cown flexible oody 148 ( F i c . 31) and secured tc 
eiongatec element 157A (end any preceding eloncatec 
element) . As many elongated elements 157A, 1S1B. 

:5 7C. etc. ar* used as U necessary to effect rhe 

desired Jeeflet coaptatic.n (Fic. 32). 

*.* ere -ir shown another lorm .c: 
in Fics. 3^.~--32C, tr.-ifc 

push rod 109. Mora part: cular iy. with this form o! 

the push rod, elongated Tody 157 is formed by , 

plurality of elongated events 157., 157B. U7C. etc. 

wni ch collectively for. tn. complete elongated bod, 
1S7 . Preferably the dis, almost elongated element 157A 
is fixed to flexible body !48 while the remaining 
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^oncateo eie.er.t3 157A, 157E. 157c, etc. are free to 
on flexible body j„. with thl< wilon Qf ^ 

lnW * nM °'- el ° n?ated ^ '« may be forced in sit. bv 
"° Vi "« e '°»9«eci elements ] S7A, 1S7E, 157c, etc. 

diSt6U> '' " Uh <»«aimost elongated element 3 57A 

" C " n9 " 4 diStaJ St °P' — Ke,,xno electee 

element.. 157 A , , S7B , 157c , etc . blased diJtaUy ^ ^ 

hold: no mechar>^m p o 

m, e.g., c cramp CR. 

In Figs. 25-32, and in Fiqs 32A-"3?r c - 

ys< J ^C, ejongated 

elements 157A, 157c 1 *7r 

. n/-, 157c, etc. are shown configured 

so as tc for, a substantially straight eioncared -body 

157. However, if desired, elongated element., 157/,, 

157E ' 15?C ' C ° Uld h£Ve ^ternative con, lgU r.t*o»s 

sc as to form other body shapes Thnc * 

y -lepes. Thus, ror exampje, 

in Fie. 32D elongated elements 157A, 157E, ] s 7 r 
are shown forming a curveo elongated body ir„ anc in 
Fig. 32E elongated elements 157A, 157E, 157c, etc. are 
shown forming a composite curved-and-straigh: 

elongated body 157. it w s k~ 

J-t wu, be appreciated that still 

other shapes may be formed by elongatec elements 3 57A, 
157C, etc. m this respect . t wiJ1 ^ 
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appreciated that the shapes of elongated body 151 *ay 
be established either by (1) forming elongated 

«. THA -sit 15-7C. etc. sc that they have only 
elements 157A, -S/t, j-><^» 

one Possible way of being assembled together . or (2) 
by iormna elongated elements IMA. 1S7E. li'-C etc. 
so that they have multrple ways of being assembled 
together, in thrs latter situation, one possible way 
to v„v the fin.1 configuration of elongated oody IS! 
is by individually rot.tin, various ones of elongated 
elements 137*. : 57 E . 157C etc.. e.g., such 6 s is 
shown in Figs. 32D and 32E. 

fi s noted above, it is also possibie tc .or, the 
elongated body of system 181 (Fig. 12) i r. situ 

from a piuralitv of smaller elements. 

Thus, for example, in Figs. 3- and 34 mere' i? 
Shown an alternative for* of elongated body ',84 which 
courses a plurality of substantially rigic elongated 
elects 184*. i84C, etc. which collectrvely 

form the complete elongated body 184. In addition, 
elonoateo elements 184A. 18«. 184C. etc. preferably 
include connectors C ior permitting one elongated 
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element to be secured to a neighboring elongated 
™" —tors c shown in Fig . 25 comprise 

»«le and female screw type connectors; however, other 
types of connectors may also be used. 

By assembling the elongated body 184 in situ 
usinc a plurality of elongated elements 184A, 16.B, 
184C, etc., it is possible to create an elongatec body 
18, which is perfectly sized to the needs of the 
patient . 

The elongated body 184 shown ,n Fags. 33 and 34 
-ay be used as follows . First/ gu:;dewire ^ ^ 

Passed oown coronary sinus 30 (Fig. 35). Then push 

cannula 187 i 5 u^ed tn rm<=i- - 

° tC Push c Plurality of eioncated 

elements 184A, 184E. 1S4C, etc. down guidewire 103 and 
-to the coronary sinus (Figs. 36 and 37). . As ni6nv 
elongated elements 184A, 1845, 184c , ^ ^ ^ ^ 

is necessary to pffpr^ ^_ K ^ 

^ irec J-ecflet coaptation 

(Fie . 37) . 

in Figs. 37A-37C. there is shown another fern, o£ 
eiohcated body 18,. Mor . particuiariy, „ ith thl£ tm 
ol e:o„o=ted body, the eionoated body 1M is forn , ed by 
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a plurality of elongated element. 184A, 3 84B, 184C. 
etc. which collectively form the complete elongated 
body U4. Preferably, all cf the elongated elements 
184A. :84E, 184C, etc. are free to slide on guidewire 
]0 3. With this version of the invention, elongated 
body U4 may be formed in suu by moving elongatec 
elements 184A, 3 84B, 184C, etc. distally end then 
drawir.c them tightly together, e.c.. such as by using 
a cinching system such as that shown in Fig. 37C and 
comprising a distal member DM and a crimp CR. 

Acain, in Figs. 33-37, and :n Figs. 37A-37C, 
elongated element 184A, 184E. 184C, etc. are shown 
configured so as to form a substantially straight 
elongated body 3 84. However, if oesirec, elongatec 
elements 184*, 384B, 184C, etc. could have alternative 
configurations so as to form other body shapes. Thus, 
for example, in Fig- 37D elongatec elements 184A. 
184B, 3 84C, etc. are shown formmc a curved elongated 
body 1*4, and in Fig. 37E elongated elements 184A. 
184B, 184C, etc. are shown forming a composite curved- 
and-st: eight elongated body 184. It will be 
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appreciated tnat still other shapes may be lor med by 
elongated element, J84A, JS4E , 184c> etc }n ^ 
respect it win be appreciated that the shapes of 
elongated body 18< may be established either by m 
fornung elongated elements !8 ,A. 184E, ie«. etc. so 
that they have only one possible way of being 

assembled toaethei or in v,,. * 

• ' or U) D - v forming elongated 

elements le^. 184l , 18<c , „ c _ 5Q ^ ^ ^ 
multip Je ways of b f ing assert ed together. i n this 
latter situation, c„. possible way to vary the final 
configurate of e.ongated oocy „< u by lndividually 
rotating various o,,es of elongated elements 184A. 



and 37L 



Looking next tt Fiq £ ^r-^- , K „ 

y— there 15 shown 

another form of pu c h rnri mo - , ■ 

P^n roa 105 r^vmg an elongated body 

157 formed by a plurality o: elongated elements 157A, 

157E, 157C, etc. ,ach of the elongated elements 157A, 

157B, 157c, etc. is attacned to flexible body i 48 and 

is separated from adjacent elongated elements by a gap 

G. By orienting gaps G radially away from mitral 
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valve 36 (Fig, 37K;, push rod 109 will be able to 
curve as required so as to follow the natural 
curvaiure of the coronary sinus, e.g., during 
insertion of push rod 109 into coronary sinus 30. 
£:■ However, by rotating flexible tody 14 8 about its axi5 

so thci gaps G are oriented 180 degrees opposite to 
that shown in Fig. 37H (i.e., as shown in Fig. 371), 
gaps G will be closed and push roc 3 09 will be 
straightened, whereby to apply an anteriorly-directed 

10 force to the posterior annuius of mitral valve 36 and 

reduce mitral regurgitation. 

Looking next at Figs. 37 J and 37K, there is shown 
another torn; of the invention. In this construction, 
an- internal member IM has a plurality of slots SI anc 

it an externa: member EM has a plurality of slots SL. 

Internal member IK is concentrically received within 
external member EK . By orienting internal member IK 
and external member EM so that slots SI are aligned 
with slots SE (Fig. 37J) , internal member IM anc 

20 external member EM may be curved as required so as tc 

follow the natural curvature o: the coronary sinus, 
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e.g. during insertion of the members into the coronary 
sinus. However, by orienting internal member l.M and 
external member EM so that slots SI are crienteti away 
from slots SE (Fig. 37 K ) , internal member IK anc 
external member EM will be straightened, whereby tc 
apply an anteriorly-directed force to the posterior 
annuius of the mitraj valve and reduce mKr ., 
regurgitation. 

It is also possible to form elongated body 157 of 
push rod 109 (Fig. ;- with an inflatable construction< 
More particularly, , nd looking next at Fi c . 36, there 
is shown a push rod 109 having an inflatable elongated 
body 157 in the fori,, of a balloon B. The push rod's 
flexible body 148 induces an inflation : umen L which 
communicates with th« interior of ballocr. E , whereby 
fluid n,ay be supplied to the interior o: the baboon 
so as to inflate the balloon. The baliocn E i £ 
constructed so that it has a flexible configuration 
when it is in a def ; ated condition and 5 . eion ^ ted; 

straight configuration wnen it is in an .nfiatec 
condition . 
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The push rod 109 of Fig. 36 may be used a5 
follows. First, guidewire 102 is advanced intc the 
coronary sinus 30 (Fie. 4). Then delivery cannula 10C 
is advanced over guidewire 102 until the distaj end of 
5 the delivery cannula is in coronary sinuf 30 (Fie 5). 

Next, guidewire 303 is withdrawn (Fig. 6. . Then push 
rod 109, with elongated body 3 57 in a deflated 
condition, is advanced along the interior of delivery 
cannula 106 so that balloon E is adjacent to the 

10 mitral valve (Fie. 39,. Then balloon P :s inflated, 

using inflation lumen L, so that elongated body- 
assumes its elongated, straightening configuration 
(Fic. 40; . As this occurs, the posterior annujus of 
the mitral valve is compressed anteriorly, so as to 

15 reduce mitral regurgitation. 

It is also possible to form an inflatable 
elongated body 157 of push rod 109 with other 
configurations. By way of example, it is possible tc 
form an inflatable body 157 with a piston-type 

20 configuration, whereby the body may be elongated or 

shortened as desired. More particularly, and j ooking 
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now at Figs. &i and 42, inflatable body 15/ may 
comprise a distal portion 157' and a proximal portion 
3 57", with the distal and proximal portions being in a 
sliding, piston-like relationship. As a result, fluid 
may be supplied to the combined interiors of the 
distal and proximal portions, so as to force the two 
elements apar: relative to one another. i n use, the 
push rod 109 cf Figs. 41 and 42 is positioned in its 
"compressed" state (Fig. 41), passed down the interior 
of delivery cannula 106 until inflatable elongated 
body 157 is positioned adjacent to the mitral valve, 
end then inflated (using inflation lumen L! into its 
"expanded" state (Fig. 42). As this occurs, the 
naturally curved coronary sinus is straightened, 
thereby pushing the posterior annulus of the mitral 
valve anteriorly, whereby to reduce mitra: 
regurgitation . 

in addition tc the foregoing, it should also be 
appreciated that with respect to push rod 109, the 
flexible body 148 may comprise an electrical lead for 
an implantable bi -ventricular pacing device and/or an 



BNSI- CID: <WO_020T^b76A^ 



WO 02/i*7X5"o 



P< "T/US02/0961r 



- 55 - 

electrical lead fcr an implantable cardie 
defibrillator device, etc. In this case, the distaJ 
end of flexible body j48 would be elongated somewhat 
and would not reside within the coronary sinus; 
5 rather, it would be positioned within the tissue which 

is to receive the electrical stimulus whiie elongated 
body 157 is positionec adjacent to the mitral vajve. 
Such a construction would allow the bi -ventricular 
pacing device and/or zhe implantable cardie 

10 defibrillator device ;o work in conjunction with 

elongated body 157 tc reduce mitral regurgitation. 

It shouid also be appreciated that the function 
of hydraulic energy employed tc enlarge inflatabie 
body 157 may be substituted by a mechanica] energy 

15 transformer such as a lead screw mechamsn, or an 

electromechanical sol ^noid . 

In a corresponding fashion, the guidewire 1 Cl- 
over which eiongated rody 184 is deployed may also be 
in the form of an electrical lead for an implantable 

20 bi -ventricular pacing device and/or an electrical lead 

for an implantable cardio defibrillator device, etc. 
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Again, in this case the distal end of the wire will be 
positioned within the tissue which is to receive the 
electrical stimulus while elongated body 184 is 
positioned adjacent to the mitral valve. Such t 
construction would allow the implantable 
bi-ventricuiar pacing device and/or the implantable 
cardio defibrillator device to work in conjunction 
with elongated body 157 to reduce mitral 
regurgitation . 

Looking next at Figs. 43 and 44, there is snown 
yet another iorm of the present invention. In this 
form of the invention, there is provioed an elongated 
shape memory alloy body SMA which is configured to be 
substantially flexible at a temperature T 3 and 
substantially rigid and in a straight configuration at 
another temperature T 2 , where temperature T, is norma] 
body temperature. In this situation, body SMA - 
brought to temperature 1 lt so that it may be inserted 
n,ore easily into the natural curvature of the coronary 
sinus, e.g., during insertion of body SMA into the 
coronary sinus (Fig. 43). However, when body SKA 
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thereafter transitions tc tempera cure T. , body SKk will 
assume its straight confi curat ic-r. (Fig. 44), whereby 
to apply an anteriorly-directed :orce to the posterior 
annulus of the mitral valve and reduce mitral 
5 regurgitation. It will be appreciated that the 

configuration of body SMA may be other than straight 
(i.e., "w" shape, etc.) to best displace the posterior 
annulus anteriorly . 

In other alternative embod: merits , the elongated 

10 body may be flexible alone at least a portion of its 

length. Regional flexibility and regional stiffness 
may allow lor straightening of select locations of the 
.coronary sinus and corresponding locations of the 
posterior mitral annulus. This can cause region? of 

15 the mitral annulus to move anteriorly, thus" causing 

regional improvements in ieafle; coaptation. In 
addition, the elongated body may be formed by two end 
segments connected together by a filament: by 
anchoring the two end segments relative to the anatomy 

20 and pulling the filament taught, the naturally curved 

wall of the coronary sinus can be straightened, 
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whereby to move the posterior mitral annulus 
anteriorly and thereby reduce mitral regurgitation. 

It should also be appreciated that the present 
invention may also be used to alter the shape of other 
cardiac tissues, including but not limited to the left 
ventricle, for other uses, including the treatment of 
cardiac dysfunction. 

It is to be understood that the present invention 
is by no means limited to the particular constructions 
herein disclosed and/or shown in the drawings, but 
also comprises any modifications or equivalents within 
the scope of the claims. 
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What Is Claimed Is: 



1. A method for reducing mitral regurgitation 
comprising: 

5 inserting apparatus into the coronary sinus of a 

patient in the vicinity of the posterior leaflet of 
the mitral valve, the apparatus being adapted to move 
at least a portion of the coronary sinus anteriorly, 
whereby to move the posterior annulus anteriorly and 
10 thereby improve leaflet coaptation, the apparatus 

comprising a plurality of elements separated from one 
another during insertion into the coronary sinus and 
thereafter united in situ so as to form the apparatus. 



15 2. A method according to claim 1 wherein each 

of the elements is substantially rigid. 

3. A method according to claim 1 wherein each 
of the elements has a length such that it is, by 
20 itself, insufficient to significantly move the 

coronary sinus. 
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4. A method according to claim 1 wherein the 
elements are adapted to be secured to one another in 



situ , 



5. A method according to claim 4 wherein the 
elements are secured to one another by at least one 
screw connection. 

6. A method according to claim 1 wherein the 
distalmost of the elements is fixed to an elongated 
flexible body. 



7. a method according to claim 6 wherein the 
15 distalmost of the elements is delivered to the 

coronary sinus by advancing the flexible body into the 
coronary sinus. 



8. A method according to claim 7 wherein the 
remainder of the elements are delivered to the 
coronary sinus by passing them over the flexible body. 
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9. A method according to claim 1 wherein all of 
the elements are delivered to the coronary sinus by 
passing them over a flexible body. 

5 

10. A method according to c2aim 1 wherein the 
apparatus is substantially straight along its length, 

11. A method according to claim 1 wherein the 
10 apparatus is substantially curved along its length, 

12. A method according to claim 1 wherein the 
apparatus is both substantially straight and curved 
along its length. 

15 

13. A method according to c3aim 1 wherein .the 
elements are inserted into the coronary sinus 
percutaneously . 

20 14. A method according to claim 13 wherein the 

elements are inserted into the coronary sinus by 
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introducing the elements into the patient's jugular 
vein, passing them down the superior vena cava, 

passing them through the right atrium and then passing 

them into the coronary sinus. 

" ; 15. A method according to claim 15 wherein the 
elements are inserted into the coronary sinus by 
introducing them into the patient's left subclavian 
vein, passing them down the superior vena cava, 
passing them through the right atrium and then passing 
them into the coronary sinus. 

16. A method according to claim 1 wherein the 
elements are inserted into the coronary sinus through 
an incision in the patient's heart. 

17. A method according to claim 1 wherein the 
elements are guided into position by passing them 
through a pre-pcsitioned delivery cathett 
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18. A method according to claim 13 wherein the 
elements are guided into position by inserting a 
guidewire into the coronary sinus, passing the 
delivery catheter over the guidewire and into the 
coronary sinus, removing the guidewire, and then 
passing the elements down the delivery catheter. 

19. A method according to claim 1 wherein the 
elements are guided into position by passing them over 
a pre-positioned guidewire. 

20. A method according to claim 19 wherein the 
elements are guided into position by inserting a 
guidewire into the coronary sinus and then passing the 
elements down the guidewire. 

21. A method according to claim 1 further 
comprising the subsequent step of removing the 
apparatus from the coronary sinus. 
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22. A method according to claim 1 wherein the 
elements are inserted under visualization. 

23. A method according to claim 22 wherein 
visualization is achieved by using a procedure chosen 
from the group consisting of fluoroscopy, 
echocardiography, intravascular ultrasound, angioscopy 
and real-time magnetic resonance imaging. 

24. A method according to claim 1 including the 
additional step of assessing the efficacy of the 
procedure . 



25. A. method for reducing mitral regurgitation 
!5 comprising: 

inserting apparatus into the coronary sinus of a 
patient in the vicinity of the posterior leaflet of 
the mitral valve, the apparatus being adapted to move 
at least a portion of the coronary sinus anteriorly, 
20 whereby to move the posterior annulus anteriorly and 
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thereby improve leaflet coaptation, the apparatus 
comprising a inflatable structure. 

26. A method according to claim 25 wherein the 
5 inflatable structure comprises a balloon. 

27. A method according to claim 26 wherein the 
balloon is adapted to be inflated in situ. 

10 28, A method according to claim 27 wherein the 

balloon is adapted to move the coronary sinus 
anteriorly when the balloon is inflated. 

29. A method according to claim 25 wherein the 
15 inflatable structure comprises an expandable piston. 

30. A method for reducing mitral regurgitation 
comprising: 

inserting apparatus into the coronary sinus of a 
20 patient in the vicinity of the posterior leaflet of 

the mitral valve, the apparatus being adapted to move 
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at least a portion of the coronary sinus anteriorly, 
whereby to move the posterior annulus anteriorly and 
thereby improve leaflet coaptation, the apparatus 
being adapted to be introduced into the coronary sin-, 
through the use of an electrical lead. 

31. A method according to claim 30 wherein the 
apparatus is connected to the electrical lead and is 
positioned in the coronary sinus as the electrical 
lead is disposed in the body. 

32. A method according to claim 30 wherein the 
apparatus is delivered to the coronary sinus by 
sliding the apparatus down the electrical lead. 

33. A method for reducing mitral regurgitation 
comprising: 

inserting apparatus into the coronary sinus of a 
patient in the vicinity of the posterior leaflet of 
the mitral valve, the apparatus being adapted to move 
at least a portion of the coronary sinus anteriorly, 
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whereby to move the posterior annulus anteriorly and 
thereby improve leaflet coaptation, the apparatus 
being adapted to permit blood flow through the 
coronary sinus even when the apparatus is disposed in 
5 the coronary sinus. 

34. A method of claim 33 wherein the apparatus 
has a diameter less than diameter of the coronary 
sinus . 

10 

35. A method according to claim 33 wherein the 
apparatus comprises at least one surface groove 
facilitating blood flow past the apparatus. 

15 36. Apparatus for reducing mitral regurgitation 

comprising: 

a plurality of elements adapted to be inserted 
into the coronary sinus of a patient in the vicinity 
of the posterior leaflet of the mitral valve while 
20 separated from one another and to be thereafter united 

in situ so as to form an elongated body, the length of 
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the elongated body being sized relative to the natural 
curvature of the coronary sinus in the vicinity of the 
posterior leaflet of the mitral valve so that it will 
cause at least a portion of the coronary sinus to move 
at least a portion of the coronary sinus anteriorly, 
whereby to reduce mitral regurgitation. 

37. Apparatus according to claim 3 6 further 
comprising a delivery catheter adapted to be 
positioned within the coronary sinus of the patient, 
said flexible deliver catheter being formed out of a 
flexible material so that it will substantially assume 
the configuration of the coronary sinus, said delivery 
catheter being adapted to receive said plurality of 
elements . 



38. Apparatus according to claim 33 wherein at 
least one of said elements is mounted to a rod, 
wherein said rod is formed out of a flexible material 
so that said rod will assume the configuration of the 



WO (12/078576 



PCT/US02/09615 



10 



15 



- 69 - 

coronary sinus, and further wherein said rod is sized 
to fit within said delivery catheter. 

39. Apparatus according to claim 36 further 
comprising a removable guidewire for positioning said 
delivery catheter in the coronary sinus. 

40. Apparatus according to claim 33 further 
comprising a guidewire adapted to be positioned within 
the coronary sinus, said guidewire being formed out of 
a flexible material so that it will substantially 
assume the configuration of the coronary sinus, and 

further wherein all of the elements are cannulated for 

riding along said guidewire. 



for reducing mitral regurgitation 



inflatable structure adapted to be inserted 



41. Apparatus 
comprising : 
an in1 

into the coronary sinus of a patient in the vicinity 
20 ot the posterior leaflet of the mitral valve, the 

length of inflatable structure being sized, when 
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inflated, relative to the natural curvature of the 
coronary S i nus in the vicinity of the posterior 
leaflet of the mitral valve so that it will cause at 
least a portion of the coronary sinus to assume a 
different configuration adjacent to the posterior 
leaflet of the mitral valve, whereby to move the 
posterior annulus anteriorly and thereby reduce mitral 
regurgitation. 

42. Apparatus for reducing mitral regurgitation 
comprising: 

a structure adapted to be inserted into the 
coronary sinus of a patient in the vicinity of the 
posterior leaflet of the mitral valve, the length of 
the structure being sized relative to the natural 
curvature of the coronary sinus in the vicinity of the 
posterior leaflet of the mitral valve so that it will 
cause at least a portion of the coronary sinus to 
assume a different configuration adjacent to the 
posterior leaflet of the mitral valve, whereby to move 
the posterior annulus anteriorly and thereby reduce 
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mitral regurgitation, the apparatus being adapted to 
be introduced into the coronary sinus through the use 
of an electrical lead. 

43. Apparatus for reducing mitral regurgitation 
comprising: 

a structure adapted to be inserted into the 
coronary sinus of a patient in the vicinity of the 
posterior leaflet of the mitral valve, the length of 
structure being sized relative to the natural 
curvature of the coronary sinus in the vicinity of the 
posterior leaflet of the mitral valve so that it will 
cause at least a portion of the coronary sinus to 
assume a different configuration adjacent to the 
posterior leaflet of the mitral valve, whereby to move 
the posterior annulus anteriorly and thereby reduce 
mitral regurgitation, the apparatus being adapted to 
permit blood flow through the coronary sinus even when 
the apparatus is disposed in the coronary sinus. 



BNSDOCiO: <WO_02078576A2J_> 



WO 02/078576 



PCTAJS02/09615 



- 72 - 



10 



15 



20 



44. A method for reducing mitral regurgitation 
comprising: 

inserting apparatus into the coronary sinus of a 
patient in the vicinity of the posterior leaflet of 
the mitral valve, the apparatus being adapted to move 
a-t least a portion of the coronary sinus anteriorly, 
whereby to move the posterior annulus anteriorly and 
thereby improve leaflet coaptation, the apparatus ' 
comprising a plurality of elements movable relative to 
one another during insertion into the coronary sinus 
so that the apparatus may assume the curvature of the 
coronary sinus, and thereafter lockable in a 
straighter configuration relative to one another so 
that the apparatus may move at least a portion of- the 
coronary sinus anteriorly. 

4 5. A method for reducing mitral regurgitation 
comprising: 

inserting apparatus into the coronary sinus of a 
patient in the vicinity of the posterior leaflet of 
the mitral valve, the apparatus being adapted to move 
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at least a portion of the coronary sinus anteriorly, 
whereby to move the pcsterior annulus anteriorly and 
thereby improve leaflet coaptation, the apparatus 
being substantially flexible during insertion into the 
ronary sinus so that it may initially assume the 
rvature of the coronary sinus and being thereafter 
tivatable so as to assume a straighter 
configuration, whereby it may move at least a portion 
of the coronary sinus anteriorly. 

46. A method for reducing mitral regurgitation 
comprising: 

inserting apparatus into the coronary sinus of a 
patient in the vicinity of the posterior leaflet of 
the mitral valve, the apparatus being adapted to move 
at least a portion of the coronary sinus anteriorly, 
whereby to move the pcsterior annulus anteriorly and 
thereby improve leaflet coaptation, the apparatus 
being sufficiently small during insertion to allow 
insertion into the coronary sinus without 
substantially affecting leaflet coaptation and being 
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thereafter expandable so as to improve leaflet 
coaptation. 



10 



15 



20 



47. A method for reducing mitral regurgitation 
comprising: 

inserting apparatus into the coronary sinus of a 
patient in the vicinity of the posterior leaflet of 
the mitral valve, the apparatus being adapted to move 
at least a portion of the coronary sinus anteriorly, 
whereby to move the posterior annulus" anteriorly and 
thereby improve leaflet coaptation, the apparatus 
having a flexible configuration at a first temperature 
and a more rigid configuration at a second 
temperature, the apparatus being inserted into the 
coronary sinus at the first temperature and thereafter 
transitioning to said second temperature. 

48. A method for treating cardiac dysfunction 

comprising: 

inserting apparatus into the coronary sinus of a 
patient in the vicinity of the posterior leaflet of 
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the mitral valve, the apparatus being adapted to move 
at least a portion of the coronary sinus anteriorly, 
whereby to alter the shape of other cardiac tissues, 
the apparatus being substantially flexible during 
5 insertion into the coronary sinus so that it may 

initially assume the curvature of the coronary sinus 
and being thereafter activatable so as to assume a 
straighter configuration, whereby to alter the shape 
of other cardiac tissues and thereby treat cardiac 
10 dysfunction. 

49. Apparatus for reducing mitral regurgitation 
comprising: 

• a plurality of eiements adapted to be inserted 
into the coronary sinus of a patient in the vicinity 
of the posterior leaflet of the mitral valve .-while 
movable relative to one another so that the apparatus 
ras assume the curvature of the coronary sinus, and to 
be thereafter locked in a straighter configuration 

cr^ i-hat it may move at least a 
relative to one another so tnat iu * 

portion of the coronary sinus anteriorly. 



15 
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50. Apparatus for treating cardiac dysfunction 

comprising: 

a Plurality of elements adapted to be inserted 
into the coronary sinus of a patient in the vicinity 
of the posterior leaflet of the mitral valve while 
—able relative to one another so that the apparatus 
»ay assume the curvature of the coronary sinus, and to 
be thereafter locked in a straighter configuration 
relative to one another so that it may move at least a 
portion of the coronary sinus anteriorly whereby to 
alter the shape of other cardiac tissues and thereby 
treat cardiac dysfunction. 

«■ Apparatus for treating cardiac dysfunction 

comprising; 

a device adapted to be inserted into the coronary 
sinus of a patient in the vicinity of the posterior 
leaflet of the mitral valve while movable so as to 

assume the curvature of the r nrm = ., 

tne coronary sinus, and to be 

thereafter locked in a strainhf 

u in a straighter configuration so 
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that it may move at least a port 

v. «-« alter the shape of other 
sinus anteriorly whereby to alter 

nd thereby treat cardiac dysfunction, 
cardiac tissues and thereoy 
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